AD-A043  907 
UNCLASSIFIED 


ROME  AIR  DEVELOPMENT  CENTER  6RIFFISS  AFB  N Y c/a  ,7/, 

MAT  776MINDNnRA!rTECTI0N  STU0VS  «-X6HTNXN6  PROTECTION  REOUIREMCN— ETC  (U) 
MAT  77  M D DRAKE  00T-FA72VAI-356 

FAA-RO-77-102  ml 


AD  A 0 4 3 9 0 7 


Report  No.  FAA-RD-77-102 


* 


FAA  LIGHTNING  PROTECTION  STUDY: 
LIGHTNING  PROTECTION  REOU IREMENTS  FOR 
WILCOX  MARK  I/D  INSTRUMENT  LANDING  SYSTEM 


Marvin  D.  Drake 


Final  Report 
May  1977 


Document  is  available  to  the  U.S.  public  through 
the  National  Technical  Information  Service, 
Springfield,  Virginia  22161, 


Prepared  for 

U.S.  DEPARTMENT  OF  TRANSPORTATION 

FEDERAL  AVIATION  ADMINISTRATION 
Systems  Research  & Development  Service 
Washington,  DC.  20590 


/ 

A 


NOTICE 


This  document  is  disseminated  under  the  sponsorship  of  the 
Department  of  Transportation  in  the  interest  of  information 
exchange.  The  United  States  Government  assumes  no  liability 
for  its  contents  or  use  thereof. 


it 


j 1.  Report  No  ' - ^ 

1 I - — — >[j 

J P'AA-R  D-77 -lp2 

j 4 T . *1*  and  Subfit!* 


2 Covf.nm»nt  A(Kfl**«flrtQ. 

(hJ)/*  rL. 


J FAA  Lightning  Protection  Study: 

Lightning  Protection  Requirements  for  Wilcox 
Mark  I/D  Instrument  Landing  System  , 

A„'"o'  » _ _ _ C/  - 

) Marvin  D.  /Drake  I r\  v 


, J Marvin  D.  /Drake \S 

^ p *fTofming  O^gom  zotion  Nam*  and  Adar***  { S,  ’ 

Department  of  Defense  ’L  " ^^\"\ 

U.S.  Air  Force  CFV'"  " 

Rome  Air  Development  Centery/*. 

Rome,  New  York,  1 3441 \ 

12  Sponsoring  Agency  Norn*  ond  Addr*ss  \\  C 

Department  of  Transportation 
Federal  Aviation  Administration 
Systems  Research  and  Development  Service 
Washington,  D,  C.  20590 ] 

15  Supp  ••"'•"’ory  No*** 


Technical  Report  Documentation  Page 

3 Recipient  * Catalog  No. 


f v / I.5  R*P?-'-  P-flit 

///  May  »77 


! 6 Performing  Organization  Code 

R ADC/RBC 

I ■ — - 

8 P 0f  forming  Organization  R*port  No. 


10  Work  Unit  No  TRAIS) 

\ 9567  0006 

Jl  Contract  pr  Grant  No. ^ 

Si)  DOT  - FA  7 7 W A I - 3^, 

‘ ?;  T yp«  of  — J O Cov«'»d 

V Final  Report,  ' ‘ 

May  »76  - AprH  »77j 

14  Sponsoring  Agency  Cod* 

ARD-  350 


Prepared  by  Post  Doctoral  Program,  Rome  Air  Development  Center. 

16  Abstract 

^ The  purpose  of  the  Lightning  Protection  Study  is  to  determine  the  degree  of 
susceptibility  of  the  Federal  Aviation  Administration  Electronic  systems  to 
induced  electromagnetic  pulse  effects  due  to  lightning,  and  to  propose  protective 
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of  other  sources  used  for  reference.  A 


17.  K *y  Word* 

Lightning  Protection 
Withstand  Level 
Instrument  Landing  Systems 


19.  Security  Clossif.  <of  »Hi*  report) 

j Unclassified 
1 

Form  DOT  F 1700.7  (8-72) 


18.  Distribution  Stotement 

Document  is  available  to  the  public  through 
the  National  Technical  Information 
Service,  Springfield,  Virginia,  22151 


20.  Security  Clossif.  (of  this  page) 

21*  No.  of  P og*s 

Unclassified 

85 

Reproduction  of  completed  page  authorized 


0 / O0O 


A 


i 


FOREWORD 


This  effort  was  conducted  by  Florida  Institute  of  Technology  uixler  the 
sponsorship  of  the  Home  Air  Development  Center  Post-Doctoral  Program  for 
the  Federal  Aviation  Administration.  Fred  Sakatc  of  the  Federal  Aviation  Ad- 
ministration was  the  task  project  engineer  and  provided  overall  technical  direction 
and  guidance. 

The  It  ADC  Post-Doctoral  Program  is  a cooperative  venture  between  It  ADC 
and  some  sixty-five  universities  eligible  to  participate  in  the  program.  Syracuse 
I'nivcrsity  (Department  of  Electrical  and  Computer  Engineering),  Purdue  Univ- 
ersity  (School  of  Electrical  Engineering),  and  State  University  of  New  York  at 
Buffalo  (Department  of  Electrical  Engineering)  act  as  prime  contractor  schools 
with  other  schools  participating  via  sub-contracts  with  the  prime  schools.  The 
F.S.  Air  Force  Academy  (Department  of  Electrical  Engineering),  Air  Eorce 
Institute  of  Technology  (Department  of  Electrical  Engineering),  and  the  Naval 
Post  Graduate  School  (Department  of  Electrical  Engineering)  also  participate  in 
the  program. 

The  Post-Doctoral  Program  provides  an  opportunity  for  faculty  at  participating 
universities  to  spend  up  to  one  year  full  time  on  exploratory  development  and  problem- 
solving efforts  with  the  post-doctorals  splitting  their  time  between  the  customer 
location  and  their  educational  institutions.  The  program  is  totally  customer-funded 
with  current  projects  being  undertaken  for  Rome  Air  Development  Center  (RADC), 

Space  and  Missile  Systems  Organization  (SAMSO),  Aeronautical  Systems  Division 
(ASD),  Electronic  Systems  Division  (ESD),  Air  Force  Avionics  Laboratory  (AFAL), 

Foreign  Technology  Division  (FTD),  Air  Force  Weapons  Laboratory  (AFWL), 

Armament  Development  and  Test  Center  (AI)TC),  Air  Force  Communications 
Service  (AFCS),  Aerospace  Defense  Command  (ADC),  Hq  USAF,  Defense  Com- 
munications Agency  (DCA),  Navy,  Army,  Aerospace  Medical  Division  (AMD), 
and  Federal  Aviation  Administration  (FAA). 

Further  information  about  the  RADC  Post-Doctoral  Program  can  be  obtained 
from  Jacob  Scherer,  RADC  Tel.  AV  587-2543,  COM  (315)  330-2543. 

The  author  wishes  to  thank  Mr.  Richard  M.  Coscl  who  participated  in  the 
field  investigation,  took  many  of  the  photographs  and  who  organized,  edited  and 
prepared  the  report  for  printing;  also  Mrs.  Lynn  Harris  and  Mrs.  Jani  Me  Cray 
who  typed  and  assembled  the  report. 
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CHAPTER  ] 
INTRODUCTION 


This  re|x>rt  is  a study  of  (he  lightning  damage  susceptibility  of  and  pro- 
tection requirements  for  the  Wilcox  Mark  l/l)  Instrument  Landing  System  (ITS). 

This  report  is  part  of  a larger  study  program  to  provide  protection  for  com- 
munication and  control  electronics  equipment  against  transient  electromagnetic 
disturbances.  Such  electromagnetic  disturbances  cause  current  pulses  to  be 
induced  in  cables  running  between  buildings  or  equipment  enclosures.  These  cur- 
rents and  voltages  are  then  coupled  into  terminal  equipment  or  equipment  enclosures 
mounted  in  the  field.  The  electromagnetic  disturbances  may  be  the  result  of  nearby 
lightning  activitv  or  man-made  electromagnetic  pulses. 

The  larger  study,  known  as  the  FAA  Lightning  Protection  Study,  is  being 
performed  by  the  Post  Doctoral  Program  through  several  of  its  member  uni- 
versities for  the  Federal  Aviation  Administration.  The  institutions  include  the 
Air  Force  Institute  of  Technology,  Florida  Institute  of  Technology,  Georgia 
Institute  of  Technology,  and  Purdue  University.  The  individual  participants  in 
the  FAA  Lightning  Study  are  listed  in  Appendix  A. 

1.  1 FAA  Lightning  Protection  Study 

Increasing  use  of  solid  state  electronics  in  the  FAA  communications  anti 
control  equipment  means  that  reliance  on  the  overvoltage  protection  adequate 
for  higher  voltage  electron  tube  circuitry  would  be  inadequate.  The  overvoltage 
protection  of  carbon  blocks,  in  the  several  hundred  volt  range,  and  neon  bulbs, 
with  long  relatively  high  inductance  leads  in  the  40-100  volt  range,  is  not  adequate 
for  the  solifl  state  circuits  which  operate  at  lower  voltage  levels  (presently  down 
to  5 volts).  The  overall  study  has  three  technical  tasks:  (1)  determination  of 
voltage  and  current  levels  likely  to  be  conducted  to  FAA  equipment;  (2)  the 
determination  of  the  susceptibility  levels  of  FAA  solid  state  equipment,  and  (3) 
determination  of  lightning  protective  devices  that  are  available  to  reduce  the 
levels  of  (1)  to  those  |>ermitted  by  (2).  These  three  tasks  have  been  performed 
in  parallel  with  close  interaction.  Appendix  A lists  the  schools  having  primary 
responsibility  of  each  of  these  tasks.  The  study  of  the  Wilcox  Mark  I/D  II.S 
covered  in  this  report  is  a part  of  task  (2)  and  draws  upon  the  results  of  tasks  (1) 
and  (3). 
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1.2  Lightning  Protection  Requirements 

Components  in  electronic  circuits  connected  to  buried  control  cables  at 
FA  A air|x>rt  installations  are  susceptible  to  damage  by  lightning-induced  voltage 
surges  on  the  cable  conductors.  Devices  are  available  which  can  be  installed 
at  the  terminals  to  limit  the  voltage  surges  to  levels  which  will  cause  no  damage 
to  the  components  in  the  exposed  circuits;  however,  the  selection  of  specific 
devices  depends  on  the  particular  system  under  consideration. 

The  specification  of  the  protection  requirements  for  a given  electronic 
system  includes  the  following  steps: 

1.  Characterization  of  lightning-induced  surges  on  the  buried  control 
cables  interconnecting  various  sub-systems. 

2.  Identification  of  the  circuits  in  the  svstem  which  are  exposed  to 
surges. 

3.  Determination  of  the  surge  withstand  capabilities  of  the  components 
in  the  actual  circuit  configurations  using  the  waveshapes  and  the 
maximum  peak  amplitudes  of  surges  which  may  be  expected  to  occur 
at  the  circuit  terminals. 

4.  Selection  of  the  surge  protection  devices  which  are  compatible  with 
the  withstand  capabilities  and  normal  operating  characteristics  of 

the  circuits  while  being  rugged  enough  to  operate  reliably  in  the  surge 
environment. 

What  follows  is  a description  of  the  application  of  the  above  steps  to  the 
Wilcox  Mark  I/D  Instrument  Landing  System.  Chapter  2 discusses  the  waveform 
and  the  maximum  peak  amplitude  of  voltage  induced  by  the  lightning  and  the  pro- 
tective devices  available  for  installation.  Chapter  3 discusses  the  methods  used 
to  determine  the  vulnerable  components  in  the  Mark  I/D  ILS,  and  to  calculate  the 
withstand  level  of  each  of  the  vulnerable  components.  In  Chapter  4 will  be  given 
the  recommended  protective  devices  and  the  installation  points. 


CHA  PTRR  2 

LIGHTNING  INDUCED  SURGES  AND  PROTECTIVE  DEVICES 


2.  1 Characteristics  of  Lightning-Induced  Transients 

A number  of  studies,  II,  2,  I,  5,)  indicate  Uv.it  the  voltage  waveform  due  to 

lightning-induced  surges  on  buried  cables  can  be  adequately  described  bv  three  par- 

nmaters:  rise  time  to  peak  amplitude,  the  peak  amplitude  V , and  the  decay  time 

t j to  one-half  the  peak  value  (all  times  are  measured  from  the  origin).  Such  a test 

waveform  is  shown  in  Figure  2,2-1  w ith  a table  of  a waveform  parameters  cited  in 

the  literature.  The  test  waveform  parameters  are  based  on  long  term  studies  of 

actual  surges  on  aerial  and  buried  telephone  cables.  Statistically,  the  parameters 

cited  I iv  Dennison  |5|  yield  a test  waveform  which  includes  99. 8b  of  lightning-induced 

voltage  surges  in  open  wire  and  cable:  t 10  usee,  V 1000  volts,  t , 1000  usee. 

r P '1 

Actually,  Dennison's  study  included  buried  cable  with  measured  peak  voltage  of  110 
volts;  this  is  included  in  Figure  2.  1-1  as  the  500  volt  entry  in  parentheses. 

It  is  important  to  point  out  that  no  information  concerning  the  energy  content 
of  the  surge  waveforms  is  available  from  the  studies.  The  surge  voltages  measured 
were  the  so-called  longitudinal  voltages  produced  between  the  grounded  cable  sheath 
and  the  inner  conductors.  Bodle  131  also  measured  metallic  voltages  between  cable 
pairs  and  found  them  to  be  insignificant  compared  to  longitudinal  voltages  unless  a 
carbon  block  protector  on  one  of  the  wires  in  the  pair  "stuck."  A determination  of 
the  energy  content  of  the  surge  requires  knowledge  of  the  current  and  the  voltage 
or,  alternatively,  knowledge  of  the  voltage  and  surge  impedance. 

Since  the  information  regarding  the  energy  content  of  the  lightning-induced 
surges  is  not  available  at  the  present  time,  a model  of  surge  generators  with  zero 
internal  impedance  has  been  chosen  such  that  the  current  delivered  by  it  is  de- 
termined completely  bv  the  circuit  connected  to  it.  Such  an  assumption  naturally 
leads  to  a very  conservative  estimate  of  the  magnitude  of  current  and  energy  con- 
tent which  may  be  several  times  more  than  the  actual  due  to  lightning-induced 
surges.  However,  as  reported  previously  !1|  the  values  obtained  during  the 
lightning  simulation  tests  can  be  scaled  to  predict  the  induced  effects  due  to  the 
larger  natural  strikes.  If,  for  example,  the  values  given  in  reference  II]  are  so 
scaled,  an  induced  voltage  of  1000  volts  appears  to  be  an  appropriate  level.  It 
agrees  with  assumptions  by  Huddleston  |6|  and  Dennison  |5|.  Unless  a more 
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complete  model  of  surge  generators  based  on  information  regarding  energy  content 
can  be  established,  the  present  approach  seems  to  tie  the  most  logical  way  to  derive 
the  necessary  levels  of  protection  for  the  electronic  com[>onents . 

2.2  Surge  Protectors 

As  reported  by  Chen  |7|,  there  are  two  kinds  of  surge  protectors.  The  first 
is  a circuit  o|iening  device  and  is  inserted  into  the  circuit  in  series  with  the  load  to 
be  protected.  When  the  current  level  exceeds  a certain  preset  limit,  it  switches  from 
short-circuited  state  to  its  open-circuited  state.  Actual  devices  in  this  class,  such 
as  fuses  and  magnetic  circuit  breakers,  are  used  extensively  in  residential  and 
commercial  installations.  However,  they  are  not  suitable  for  protection  of  com- 
munication systems  against  lightning  due  to  slow  res|K>nse  time  (of  the  order  of 
milliseconds  or  longer).  Itie  second  is  a circuit  shorting  device  and  is  in  paral- 
lel w ith  the  load.  The  protective  action  is  accomplished  by  changing  the  device 
from  its  virtually  open-circuited  state  to  a conducting  state  at  a predetermined  volt- 
age level  and  thereby  limiting  the  voltage  surge  and  diverting  the  current  and  power 
away  from  the  load.  Devices  in  this  group  are  gas  discharge  devices,  dielectric- 
stimulated  arcing  connectors,  semi-conductor  diodes  and  varistors.  Of  these  four, 
the  dielectric-stimulated  arcing  connectors  are  not  commercially  available  and  are 
useful  only  for  the  protection  of  voltages  above  IKY.  Thus,  they  cannot  be  con- 
sidered for  application  here  and  will  not  lie  discussed  here.  The  other  three  tvpes 
of  protective  devices  are  commercially  available  and  are  suitable  for  the  protec- 
tion of  control  and  communication  systems.  In  the  following,  each  of  their  ojier- 
ating  principles,  capabilities  and  limitations  will  be  discussed  briefly. 

The  gas  discharge  devices  are  probably  the  best  known  and  most  widely  used 
for  lightning  protection,  t sually,  they  are  operated  in  either  the  arc  discharge  or 
the  abnormal  region  of  the  gas  discharge  where  the  voltage  is  virtually  constant  and 
the  current  is  limited  and  controlled  completely  by  external  circuit  parameters.  At 
the  present  time,  there  are  two  basic  types  of  gas  discharge  devices  which  may  lie 
used  as  transient  protectors:  glow  lamps  and  spark  gaps.  Glow  lamps  are  character- 
ized by  low  current  capability  and  relatively  high  voltage.  While  inexpensive,  they 
cannot  provide  adequate  and  long  lasting  protection  against  transients  for  low  voltage 
systems  such  as  communication  lines.  On  the  other  hand,  spark  gaps  are  designed 
to  operate  in  the  arc  mode  and  are  capable  of  absorbing  large  amounts  of  current  and 
power.  One  disadvantage,  as  far  as  the  present  study  is  concerned,  is  that  they  are 
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only  available  with  a clamping  level  of  75  volts  and  higher  which  is  substantially 
larger  than  the  protective  requirements  of  the  system. 


A metal-oxide  (zinc-oxide)  varistor  is  a two  terminal  aevice  having  a voltage- 
de|>ondent  nonlinear  resistance.  The  volt-ampere  characteristic  of  an  ideal  varistor 
can  be  expressed  as  an  empirical  relation. 


where  V and  I are  the  voltage  across  and  current  through  the  caristor,  respectively, 
The  exponent  o<  is  an  important  parameter  and  represents  the  power  handling 
capability  of  this  particular  varistor.  Among  the  various  varistors  commercially 
available,  silicon  carbide  (Thyrite),  selenium  cells  (thyristor  diodes),  BaTiO,, 
varistors  and  zinc  oxide-bismuth  oxide  varistors  are  the  well  known  ones.  However, 
only  the  ZnO-Bi.,0,,  has  the  large  power  handling  capabilities  suitable  for  the  present 
application.  Furthermore,  its  response  time  is  much  faster  than  the  spark  gap. 

It  thus  has  virtually  ;dl  the  desired  characteristics  except  one  for  transient  pro- 
tection.  The  undesirable  feature  is  that  it  can  clamp  voltage  only  in  the  range  of 
57  volts  and  higher  and  is  doubtful  that  this  magnitude  can  be  lowered  any  further 
due  to  present  manufacturing  processes. 

Both  of  the  above  protective  devices  are  bipolar  in  nature,  i.e.  , a given  device 
can  clamp  at  _ V.  Avalanche  diodes,  on  the  other  hand,  are  unipolar  devices  clamp- 
ing at  zero  volts  when  biased  in  the  forward  direction  and  at  its  breakdown  voltage 
when  biased  in  the  reverse  direction.  The  breakdown  mechanism  is  attributed  either 
to  the  Zener  effect,  or  to  the  avalanche  multiplication  of  charge  carriers,  or  a com- 
bination of  both.  Furthermore,  avalanche  diodes  can  clamp  voltages  as  low  as 

( 

five  volts  with  the  fastest  response.  Its  main  disadvantage  is  its  low  power -hand  ling 
capability.  It  can  be  improved  by  methods  such  as  a resistance  in  series  wit’  ’he 
diode  or  several  diodes  connected  in  parallel. 

I A comparison  of  available  protection  devices  is  given  here  for  convenience  in 

Table  2.2-1.  The  table  is  based  on  a detailed  report  on  protective  devices  by 

I 

Chen  |7|. 
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Comparison  of  Transient  Protectors  (7)  (8)  (10i 


Spark  gaps  (Hof.  () 

50-watt  units  designed  for  voltage  reference  or  transient  protection  applications 
GE  MOV  varistors  with  2^.21  mm  O.D. 

Estimated  values,  valid  for  leadless  devices 


. \ 
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Figure  2.2-1.  A Generalized  Protection  System  for  ILS  Control  Lines 


A generalized  protection  system  for  ILS  control  circuitry  cables  is  shown  above. 
S The  circuit  consists  of  a surge  protector  connected  in  parallel  from  the  susceptible 

terminals  in  the  junction  box  to  ground.  It  is  pointed  out  in  the  previous  reports  -1,7 
that  surge  protectors  should  be  installed  as  close  to  the  junction  box  as  possible  so 
that  both  the  traveling  wave  and  reflecting  wave  due  to  surges  are  limited  to  safe 
values  at  the  terminals  of  the  protected  circuit.  A good  ground  should  also  be  pro- 
vided in  the  junction  box  for  connection  of  the  ground  side  of  the  protector.  In 
general,  the  protective  system  PI  consists  of  any  of  the  three  surge  protectors  pre- 
viously mentioned.  If  the  choice  of  surge  protectors  is  either  a spark  gap  or  MOV 
varistor,  the  breakdown  voltages  chosen  must  be  greater  than  the  operating  voltage 
t but  below  the  withstand  levels  of  both  negative  and  positive  surges  of  the  element 

in  the  circuit.  For  avalanche  diodes,  only  the  positive  surge  level  has  to  be  con- 
sidered since  a negative  surge  forward-biases  the  diode  and  clamps  the  voltage  to 
approximately  zero.  Resistors  HI  and  R2  may  be  placed  in  series  with  the  line  to 
limit  surge  current  to  a safe  value  for  the  protector  and  to  limit  circuit  current 
that  may  flow  from  the  protected  side  of  the  line  in  the  event  that  the  surge  protector 
fails  by  shorting.  Diode  CR1  is  added  on  the  protected  side  to  give  additional  pro- 
tection in  case  of  failure  in  the  surge  protector  device  for  certain  types  of  communi- 
cation sub-systems.  As  shown  in  Chapters  3 and  4 and  Tables  4-1  through  4-5,  only 
those  protective  devices  required  bv  the  specific  circuit  involved  are  designated. 
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Withstand  Capabilities  of  Avalanche  Diode  Surge  Protectors 


Since  the  clamping  requirement  for  most  of  the  susceptible  circuits  of  the 
Wilcox  Mark  I/I)  IBS  is  unipolar  and  below  30  volts,  the  avalanche  diodes  will  lx- 
used  extensively.  Because  of  the  relatively  low  power-handling  capabilities  of 
avalanche  diodes,  series  resistance  ( R 1 in  Figure  2.2-1)  may  be  used  to  limit  the 
surge  current  in  the  diode  itself  to  safe  levels.  A procedure  for  selecting  the  value 
of  this  series  resistance  R1  for  avalanche  diode  is  presented  which  is  essentially 
the  same  as  in  Reference  (f>|. 

The  value  of  series  resistance  R1  is  determined  by  the  surge  -handling  data 
provided  for  the  avalanche  diode  and  can  be  calculated  from  the  following  expression, 


R 1 


Bl) 


PP  Pl> 

where  V is  the  peak  amplitude  of  the  expected  voltage  surge,  is  the  breakdown 

voltage  of  the  diode  and  is  usually  very  small  compared  to  and  I is  the  safe  peak 

current  for  the  diode.  This  safe  |X?ak  current  I can  be  obtained  from  the  data 

sheet  for  the  avalanche  diodes  (see  Apjxmdix  B).  It  should  be  noted  that  the  safe 

ix  -il  current  I applies  when  the  avalanche  diode  is  reverse  biased;  the  diode  will 
' ’ PP 

handle  a larger  peak  current  when  forward  biased. 


The  bipolar  version  of  the  avalanche  diode  mentioned  above  consists  of  two 
avalanche  diodes  connected  in  series  opposed.  The  method  of  determining  the  re- 
sistance value  R 1 to  limit  the  current  to  the  safe  i>eak  current  I is  the  same 
as  for  the  unipolar  diode  but  it  must  be  done  for  each  polarity  (unless  the  voltage 
V’  is  ignored)  and  the  higher  value  of  resistance  used.  This  w ill  lx?  described 
further  in  examples  in  Chapters  :>  and  1. 


CHAPTER  .'i 


DETERMINATION  OF  WITHSTAND  CAPABILITIES 
AND  PROTECTION  REQUIREMENTS 


3.  1 Description  rf  Wilcox  Mark  I/D  ILS 

The  equipment  considered  in  this  study  include  the  following  units  of  the 
Wilcox  Mark  I/D  ITS: 

Localizer/Glide  Slo|)C  Control  Unit  (FA-9355) 

Glide  SIojk*  Monitor  (FA -9370) 

Localizer  Monitor  (FA -9357) 

Glide  Slope  Transmitter  (FA9309) 

Localizer  Transmitter  (FA-9353) 

Loealizer/Glide  Slope  RF  Power  Panel  (FA -9356) 

Loealizer/Glide  Slope  Power  Supply  (FA-9354) 

Glide  Slope  Monitor  Combining  Network  (FA-9372) 

Glide  Slope  Antenna  (FA-9373) 

Glide  Slope  Monitor  Detector/Antenna  (FA-9371) 

Glide  Slope  Tower  Tilt  Monitor  (FA-9378) 

Localizer  Antenna  Array  (FA -9358) 

The  corresponding  instruction  manuals  for  the  above  units  are  listed  in  Appendix 
B.  A typical  installation  of  either  a Localizer  or  Glide  Slope  Station  is  shown  in  Fig- 
ures 3. 1-1.  (This  equipment  is  located  inside  a shelter).  Figure  3.  1-2  shows  a 
Glide  Slope  Antenna  and  Monitor  Detector /Antenna  and  Figure  3.  1-3  shows  a Local- 
izer Antenna  Array.  Other  equipment  in  the  ILS  system  not  included  in  this  study 
were: 


Localizer  Receivers  (FA-9387  and  FA-9414) 

Glide  Slope  Receivers  (FA-9389  and  FA-9415) 

Remote  Status  Units  (FA-9391  and  FA-9416) 

These  units  inform  control  tower  personnel  when  the  Localizer  and  Glide  Slope 
Stations  are  not  functioning.  (See  Figure  3.  1-4)  However,  since  they  are  remote 
units,  i.e.  are  not  connected  to  the  Localizer/Glide  Slope  Equipment  through  control 
lines,  they  were  not  considered  vulnerable  to  induced  lightning  pulses.  Marker 
Beacon  Stations  were  also  not  included  in  this  study  since  they  are  not  connected  to 
the  Wilcox  Mark  I/D  equipment. 
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Figure  3. 1-1.  Equipment  Cabinet,  Front  an<i  bear  Views 
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Figure  1 - J . Siie  Iter 


Antenna  Array,  Localizer 


Figure  •'!.  1 


■4  igs  Localizer  and  Glide  Slope  Remote  Monitor  Receivers 
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The  vulnerability  of  components  of  the  Wile  ox  I/D  II.s  to  dam. me  bv  voltages 
induced  on  transmission  and  control  lines  was  investigated  In  the  following  method. 
The  starting  point  was  to  assume  a maximum  induced  surge  level  and  probable  pulse 
shape  based  on  studies  done  under  Part  1 of  the  FAA  I.ightning  Protection  Study 
and  described  in  Section  2.  1 of  this  report.  Next,  the  circuit  and  installation  dia- 
grams from  the  manufacturers  were  examined  to  find  which  transmission  and  control 
lines  were  located  outside  of  the  lightning  protected  shelters.  Following  this,  the 
components  of  the  i/l)  ITS  that  were  connected  directly  to  these  unprotected  lines 
were  determined.  The  withstand  capabilities  of  each  of  the  vulnerable  components 
was  then  calculated,  and  where  necessary,  protective  devices  recommended.  The 
listing  of  protective  devices  will  be  given  in  Chapter  I. 
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9.T  Cables  which  may  bo  Possible  Mii'i;r  Sources 

Ihr  interconnect  w iring  diagrams  for  the  Localizer  Station  (see  Figure  3.3-1 
and  for  the  Glide  Slojx’  Station  isee  Figure  .‘t . .’i  —2 > show  that  the  cables  listed  in 
I able  may  be  sources  of  lightning  induced  surges.  Cables  W I and  WH  are 

both  buried  cables  which  may  have  impulses  induced  on  them  due  to  nearbv  ground 
strikes.  Cable  W9  has  an  open  run  of  approximately  90  feet  up  one-  leg  of  the  Glide 
S 1 1 1 pc  Antenna  lower  unprotected  bv  conduit.  Direct  strikes  to  the  tower  as  well 
as  nearby  ground  strikes  may  induce  pulses  in  this  cable. 

9.  i Components  Vulnerable  to  Lightning  Surges 

9 I 1_  Localizer  Components 

The  circuit  diagrams  of  the  circuits  connected  to  the  cables  listed  in  Table 
9.9-1  were  examined  to  see  which  components  could  lx?  vulnerable  to  pulses  induced 
on  these  cables.  The  first  circuits  examined  were  that  of  the  Localizer  Monitor 
shown  in  Figure  9.  1-1.  The  potentially  vulnerable  com|x>nents  are  listed  in  Table 
9.  1 1.  Through  the  connection  to  terminal  3TB 1-9  the  following  components  were 
considered  vulnerable:  Clil  (lNLlxl),  Q1  and  Q2  (-IAN  2N9055),  VK  1 and  VH2 
MAN  1N719A),  and  l)S-l  through  DS-10  (indicator  lamps).  Through  connections  to 
the  indicator  lamps,  the  following  components  may  bo  vulnerable:  3A6-QR  through 
Q-10  (TAN  2NI711)  on  the  Alarm  Assembly  Card  (see  Figure  9.  l-2l,  3A8-Q2  (.JAN 
2N1711)  on  the  Antenna  Cable  Fault  Assembly  (see  Figure  3.  1-3)  and  3A3-Q1  (JAN 
2N17I1)  and  9A3-CIM  MAN  IN-1148)  on  the  Signal  Processor  Assembly  Card  (see 
Figure  3.  1-4). 

The  connection  of  Cable  Wl  to  1TB1-3  then  to  3TB1-11  (Zero  Hef.  Pulse  Out) 
makes  the  follov  components  vulnerable:  9 A 4 — C J 1 (2N1711)  on  the  Timing  Assembly 
Card  (see  Figure  3.  1-5),  3Q  1 and  5C J 2 (.JAN  2N3055)  on  the  Monitor  Main  Frame 
*8  Volt  supply,  (see  Figure  3.  1-1)  and  3A(i-VRl  (TAN  1N748A)  on  the  Alarm  As- 
sembly Card  (see  Figure  3.  1-2).  The  connections  to  1TB1-5  (Course  Detected 
Signal  ln>  and  to  1TB1-7  (Width  Detected  Signal  In)  from  Cable  Wl  continue  to 
terminals  3TB2-1  and  3TB2-9  respectively,  making  the  following  comixments 
vulnerable:  9 A 1 - 1 1 A (MC  1558)  and  3A1-VH1  (1N748A)  on  the  Course  Channel 
Signal  Processor  Assembly  (see  Figure  3.4-4)  and  3A2-F1A  (MC  1558)  and  3A2-VK1 
( 1 N 7 1 8 A ) on  the  Width  Signal  Processor  Assembly  (see  Figure  3.  1-1).  In  addition 
the  *8  volt  supply  on  the  main  frame  may  also  lx’  vulnerable. 
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The  connection  of  cable  W 4 to  terminal  1TB1-10  anti  then  to  terminal  3TB2-5 
of  the  Localizer  Monitor  leads  to  the  500  Hz  sine  wave  oscillator  of  the  Antenna 
Cable  Fault  Assembly.  The  components  potentially  vulnerable  here  are  the  oper- 
ational amplifier  3A8-C3B  iMC  1558GII2)  and  the  quadrature  bilateral  switch 
3A8-F2  (CD4016AD3)  (see  Figure  3.  1-3).  Additionally,  the  Antenna  Cable  Fault 
Assembly  is  potentially  vulnerable  through  connections  1TB1-13,  15  and  17  leading 
to  3TB2-7,  9 and  11.  The  connections  are  to  identical  circuits  (Cable  Fault  De- 
tector Signal  Inputs  C3,  11  and  C5)  whose  vulnerable  component  is  1/2  of  a 
MC1558GII2  (3A8-C1A,  -l  IB  and  -114A).  The  signal  input  15  is  only  used  on 
wide  aperture  antenna  systems.  On  the  same  card,  all  of  these  connections  lead 
to  the  voltage  regulator  in  the  IV  supply,  3A8-VR1  (IN748A). 

Other  vulnerable  components  connected  to  cable  Wl  are  located  in  the  Local- 
izer Antenna  Array  through  terminal  block  GTB1  (see  Figure  3.  1-6).  These 
components  arc  listed  in  Table  3.  1-2.  The  first  of  these  is  the  antenna  misalignment 
switch,  which  is  connected  to  terminals  6TB 1-1  and  2 and  is  normally  closed. 

The  remaining  potentially  vulnerable  components  are  diodes  containing  in  the 
Integral  Detectors  l l(Course),  l'2(\Vidth),  C3(Cablc  Fault),  FbCable  Fault)  and 
lT5(Cable  Fault);  detector  15  is  only  installed  in  Wide  Aperture  Systems.  These 
detectors  are  all  identical  as  shown  in  Figure  3.4-7,  and  the  vulnerable  components 
are  CHI  and  CU2  < MP5082-3077)  and  CH3  (lll,5082-2800). 

3,  1.2  Glide  Slope  Components 

The  potentially  vulnerable  components  in  the  Glide  Slope  Monitor  through 
connections  to  Cables  \V3  and  W'J  are  listed  in  Table  3.  1-3.  (see  Figures  3,3-2 
and  3.1-8).  This  circuit  connects  to  the  Antenna  Tilt  Switch  and  is  similar  to  the 
Antenna  Misalignment  Switch  Circuit  in  the  localizer  Monitor.  Through  connections 
to  Pin  3TB1-9,  the  following  components  may  be  vulnerable:  CHI  (1N13S1),  01 
and  Q2  (.IAN  2N3055),  VHT  and  VH2  (.IAN  IN  749A)  and  DS-1  through  1)8-10  (indicator 
lamps).  Through  connections  to  the  indicator  lamps,  the  following  components  may 
be  vulnerable  (see  Figure  3.  1-2):  3A6-Q1,  and  Q-0  through  Q- 10,  and  Q-14  < T AN 
2N1711)  on  the  near  Field  Path  Signal  Processor  Assembly  Card.  On  the  same  Signal 
Processor  Card,  the  components  3A3-Q1  (.IAN  2N1711)  and  CH  I (3 AN  1N114H)  may 
be  vulnerable  since  they  are  connected  to  Cable  \V9  at  13TB1-2. 

The  connection  of  (’aide  W8  to  13TB 1-3  (/.cro  Hef.  Pulse  Out)  leaves  the 
following  components  vulnerable:  3A4-QI  ( 2 N 1 7 1 1 ) on  the  Timing  Assembly  Card 
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(see  Figure  3.  1-5),  .‘IC^  1 and  Cj2  (JAN  2N3055)  on  the  Monitor  Mainframe  ‘8  volt 
supply  (see  Figure  3.4-1)  and  3A0-YR1  (JAN  1N748A)  on  the  Alarm  Assembly  Card 
(see  Figure  3.  4-2).  The  connection  of  Cable  W8  to  13TB1-9  and  then  to  the  Near 
Field  Path  Signal  l*rocessing  Assembly  leads  to  3A3-I  I A (MCI. 9580112)  and  3A3- 
VR1  (1N748A)  (see  Figure  3.4—4). 

Idle  remaining  components  in  the  Glide  Slope  Station  that  may  be  vulnerable 
are  contained  in  the  Antenna  Tower  Tilt  Switch  connected  to  cable  VV9  and  in  the 
Near-Field  Monitor  Detector/ Antenna  connected  to  Cable  \V8  (see  Figure  3.3-2). 

J nese  components  and  their  cable  connections  are  listed  in  Table  3.4-4.  The 
Antenna  Tower  Tilt  Switch  is  a normally  open  "pendulum  in  a donut"  type,  man- 
ufactured by  Wilcox.  The  Near-Field  Monitor  Detector/Antenna  Fnit  is  similar 
to  the  Integral  De  tectors  used  in  the  Localizer  Station  and  contains  the  same 
vulnerable  components:  CIll  and  CR2  (H P5082-3077)  and  CR3  (II P5082-2800) 

(see  Figure  3.4-9. i 

1.3  Summary  of  Vulnerable  Comixments 

The  following  list  contains  all  of  the  com|>onents  judged  to  be  vulnerable  to 
lightning  surges  in  the  Wilcox  l/D  Glide  Slope  and  Localizer  Stations: 

(1)  Transistors:  JAN  2N3055 

JAN  2N1711 

(2)  Integrated  Circuits:  MC1558GH2 

CD4010AD3 

(3)  Diodes:  JAN  1N748A 

JAN  1N749A 
1N4148 
IN  1384 
111*5082-2800 
HP5082-3077 

(4)  Switches,  Lamps  and 

Capacitors  1HS41  Microswitch  (Honeywell) 

Antenna  Tilt  Switch  (Wilcox) 

Lamps  DS-1  through  DS-10 

Fleet  roly die  Capacitors  3A4-C15  and  -CIO 
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(Figure  2-(i.)  Near-Field  Monitor  Detector/Antenna,  Schematic  Diagram 
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I Ih'  surge  withstand  capabilities  of  the  solid  state  circuit  elements  of  the 
Wilcox  Mark  I/D  ILS  were  determined  analytically  bv  calculating  the  volt  acres, 
currents  and  powers  produced  in  the  particular  circuit  element  t >\’  a test  voltage 
applied  between  ground  and  the  terminal  connected  to  a buried  control  cable  con- 
ductor. The  test  waveform  used  was  a 10  x 1000  with  a 1000  - volt  peak  amplitude, 
i.e.  t 10  usee;  t j - 1000  usee,  which  is  the  worst  case  waveform  for  1 isjht n i nor— 
induced  surges  as  discussed  in  Section  2.  1.  Both  positive  :uid  negative  waveforms 
were  considered.  Fsing  the  model  of  surge  generators  with  zero  internal  imjx'dance, 
the  maximum  power  to  which  a semiconductor  device  ma\  be  exposed  due  to  lightning- 
induced  surge  can  be  determined.  This  value  of  maximum  peak  power  is  compared 
with  the  failure  level  estimates  of  semiconductor  diodes  and  transistors  due  to  an 
electromagnetic  pulse  by  Wunsch  (11).  If  the  peak  surge  power  exceeds  the  maximum 
power  that  the  solid  state  components  can  withstand  without  failure,  safe  values 
of  voltage  and/or  current  for  components  in  the  circuit  were  then  established  from 
the  manufacturer’s  data  sheets.  In  those  cases  where  the  available  data  were  not 
directh  applicable,  the  determination  of  safe  values  were  based  on  calculations 
using  data  supplied  by  the  manufacturers. 

For  switches  and  lamps,  a comparison  of  safe  values  from  manufacturer’s 
data  sheet  and  the  worst  case  test  waveforms  as  mentioned  before  is  usually  suf- 
ficient to  determine  whether  or  not  a protective  device  is  required.  The  details 
of  these  anil  other  similar  calculations  are  described  in  the  following  several 
paragraphs. 

r>,  1 Withstand  Capabilities  of  Solid  State  Devices 

The  withstand  level  of  a solid  state  semiconductor  device  is  defined  as  the 
amplitude  of  either  the  voltage  or  current  surge  which  may  be  applied  to  the 
circuit  terminal  to  just  cause  failure.  I ailure  of  a solid  state  junction  device,  such 
as  a transistor  or  diode,  is  considered  to  have  occurred  if  any  p-n  junction  has 
become  an  open  or  a short  circuit  | 1 1|.  ITiis  effect  of  an  open  or  a short  circuit 
can  occur  due  to  the  application  of  either  forward  or  reverse  voltages,  although 
failure  mechanism  of  the  l’N  junctions  may  lx?  due  to  different  causes  for  the  two 
cases.  The  principal  breakdown  mechanisms  on  a single  BN  junction  are: 
tli  Surface  breakdown  around  the  junction; 

(2)  Internal  breakdown  through  the  junction  within  the  body  of  the  device. 


The'  act  uni  dcstruct  mechanism  for  surface  breakdown  is  usually  the  establish- 
ment of  a high  leakage  path  around  the  junction  thus  nullifying  junction  action. 

The  analysis  of  surface  breakdown  is  very  difficult  since  it  depends  on  a number 
of  parameters,  for  example,  the  geometry  of  the  device,  doping  profile,  lattice 
imperfection  and  discontinuities  on  the  surface,  some  of  which  are  probabU  not 
known  at  the  present  time.  Thus,  theoretical  models  which  have  been  used  are 
go ne rally  limited  to  the  consideration  of  potential  gradients  at  the  surface  under 
homogeneous  crystal  conditions  and  approximate  geometrical  boundaries  which 
is  then  amenable  to  theoretical  calculations.  It  becomes  even  more  formidable 
it  a transient  condition  is  imposed.  Davies  and  Gentry  ! 12|  state,  "I'nfortunately 
the  transient  energy  which  can  be  dissipated  during  surface  breakdown  is  both 
unpredictable  and  appreciably  lower  than  that  which  can  be  absorbed  within  the  body 
of  the  l’N  junction  device.  " Nonetheless,  junctions  have  now  been  successfully 
designed  and  built  w hich  exhibit  body  breakdown  prior  to  any  surface  breakdown 
phenomenon. 

In  internal  breakdown,  the  dcstruct  mechanism  apparently  results  from 
changes  in  the  junction  parameters  due  to  electrical  stress  which  usually  result 
in  locally  high  temperature  within  the  junction,  l or  very  short  and  large  ampli- 
tude surges,  the  effect  is  localized  causing  melting  at  hot  spots  which  results  from 
dislocation  and  imperfection  of  the1  crystal  lattice  within  the  junction.  I or  long 
term  heating  at  temperatures  well  below  the  melting  level,  alloying  and  impurity 
diffusion  occurs  to  such  an  extent  that  the  junction  is  either  totally  destroyed  or 
its  properties  drastically  changed. 

While  both  failure  mechanisms  are  caused  by  negative  surges  only  the  in- 
ternal body  breakdown  mechanism  is  responsive  to  positive  surges  since  the 
potential  gradients  on  the  surface  across  the  junction  are  normally  quite  small 
when  the  junction  is  conducting.  Furthermore,  it  was  found  experimentally  that 
in  general  a i’N  junction  is  more  vulnerable  to  power  dissipation  in  the  reverse 
polarity  mode  and  the  base-emitter  junction  is  more  vulnerable  than  the  other 
junction  in  a transistor. 

While  long  term  heating  that  deg  mules  the  performance  of  a solid  state 
device  is  very  important  in  the  studies  of  semiconductor  vulnerability,  it  is 
believed  that  the  short  ;tnd  large  amplitude  surges  which  can  cause  hot  spots  are 
the  most  probable  failure  cause  of  semiconductors  in  lightning.  Although  the  hot 


47 


spot  may  be  due  to  out'  of  the  many  different  microscopic  mechanisms,  it  has  been 
found  that  most  of  these  failure  mechanisms  are  linked  primarily  to  the  junction 
temperature.  Therefore,  the-  theoretical  treatment  of  the  problem  can  be  reduced 
to  a thermal  analysis.  For  pulse  time  between  0.  1 to  20  microseconds  the  junction 
failure  condition  can  be  expressed  as: 

i>  >ir  K (1) 

where  t is  the  duration  time  in  seconds  and  1’  is  the  magnitude  of  rectangular 

pulse  power  in  watts  and  K is  a constant  which  de|>ends  on  the  particular  solid 

1 /2 

state  device  in  units  of  watt-seconds 


The  value  of  K can  be  calculated  from  either  the  manufacturer's  data  sheet 
or  reference  (11).  Thus,  for  a given  value  of  K,  the  maximum  transient  power 
a particular  solid  state  device  can  withstand  for  a given  pulse  can  be  determined 
very  easily  from  Kquation  (1). 


3.5.  1.  1 Withstand  Capabilities  of  Transistors  IAN  2X3055  and  FAN  2X1711 

The  IAN  2N3055  is  an  NPN  Silicon  high  power  transistor  used  as  a voltage 
regulator  in  the  Monitor  mainframe  *-8  VDC  and  5V  supplies  (see  Figure  1-1 1. 

The  value  of  K is  not  available  from  reference  |llj  for  this  transistor  and  was 
calculated  using  the  value  of  thermal  resistance  from  junction  to  case,  W 
1.5°v’/watts  [Ft,  p.  200-line  55],  and  the  formula  [11,  liquation  1 1 1 — S | r 

, -.1  r i \ "(1.  Ill  r,i  r\“d.  11)  , 

K 31.5  W.  31.a(].  5)  20.  1 . 

Jc 

This  value  of  K must  be  modified  since  the  pulse  is  triangular  and  exponential, 
from  the  value  above  to  K'  (3/ ■/~2)K  as  derived  by  Huddleston,  ot.al.  [6],  Thus 
K'  12.0  ;md  the  withstand  level  of  the  JAN  2N3055  is 

H K't  ( 12. On  1 , 000  x 10  (’sect  * 1, 350  watts  peak  power 


The  JAN  2N1711  transistor  is  an  NPN  silicon  transistor  used  in  switching 
applications  and  as  an  amplifier  in  both  the  Localizer  and  Glide  Slope1  Stations. 
The  withstand  level  can  be  calculated  by  first  calculating  the  thermal  resistance 
from  junction  to  ambient,  . This  was  calculated  in  two  wavs:  (11  using  the 


der  ating  factor  in  free  air  at  25  G,  W.  (4.5m\V/o( 


P 


222  CAVatt  and  (2t 


using  the  maximum  operating  temperature  and  maximum  dissipation  in  ambient 

air  M (175°C  - 25°C)/800mW  181. 5°CAV’alt.  Then  K !)7‘2. 2 W.  “ 1 * J 1 

ja  jn 

1. 54  for  l81.5°CAVatt  and  K 1.20  for  ( 222°CAVatt.  | 11,  Kquation 


1 1 1 - 1 0 1 . Another  means  of  finding  K is  the  junction  capacitance  mod-1  111,  p.  21- 
2-1]  using  the  equation: 

K (0. 81 i 

tl.lx  10")VM 

j 

where  C.  junction  capacitance  (in  pF)  and  ( j breakdown  voltage  of  the  transistor. 

BY  30  volts  for  the  2N1711,  and  we  will  then  assume  V.  1(1  volts.  I sing 
co  o txt 

the  value  of  C 25pF  1 13],  then: 

K (25  pF)  (1.1  x 10"'!)  M0),O-Ml  0.546 
Wunsch,  et.al  [llj  lists  the  value  of  K - 0.36  without  saying  which  model  was 
used  for  the  calculation.  The  values  of  K,  K'  and  P ^ calculated  using  the 
methods  listed  here  ire  shown  in  Table  3.5-1. 


Fable  ...  >-1  Withstand  bevels  of  JAN  2N1711 


Basis  of  Calculation 

K 

K’ 

P . 
|x>ak 

©.  131. 5°C /watt 

1.54 

3.27 

103.  1 

ja 

©.^  222  C /watt 

1.20 

2.55 

80.5 

C.  25  pF,  V.  . It)  volts 
j 1k1 

0.546 

1.  16 

36. 6 

Wunsch,  et.al.  (11) 

0.36 

0.  76 

24.2 

The  most  conservative  value,  P 24.2  watts  will  be  used  to  determine  the 

max 

vulnerability  for  the  2 N 1 7 1 1 . 

3.5,  1.2  Withstand  levels  of  Integrated  Circuits:  MC155SGII2  and  0)4016  AP3 

The  integrated  circuit  MC1558GH2  is  a dual  operational  amplifier  with  an 
input  im|K'danee  of /v  200  M XI,  and  is  rated  at  Maximum  Input  Offset  Current  of 
0.5  y<iA DC,  Maximum  Power  Supply  Voltages  of  22  and  -22  volts.  Maximum  Input 
Differential  Voltage  equal  to  the  Power  Supply  Voltage  Applied,  Power  dissipation 
of  (>s()  mVV  for  the  entire  circuit,  and  a derating  factor  of  fimW/’c,  The  derivations 
of  withstand  levels  of  Reference  | 1 1|  do  not  apply  to  this  circuit.  With  no  further 
guide  lines  available,  the  requirement  that  the  maximum  input  differential  voltage 
not  exceed  the  applied  power  supply  voltages  will  be  used  to  determine  the  pro- 
tection levels. 


The  integrated  c ircuit  CD4010AD3  is  a Quadrature  Bilateral  Switch  with  four 

12 

switches  on  a single  chip.  The  input  impedance  is  typicallv  Kl  ohms,  indicating 
a field  effect  device,  with  a maximum  control  voltage  of  _ in  volts,  this  type  of 
circuit  is  also  not  covered  by  the  derivations  of  Reference  |11|  and  the  criteria 
for  protection  levels  will  be  that  the  voltages  applied  to  the  circuit  do  not  exceed 
the  maximum  control  voltage. 


. . . Withstand  levels  of  diodes:  JAN  INilsA,  IAN  INTIttA,  lXllis,  tN'l.i^-1, 
IIP  5082-2300  and  HP  5032-J.U77 

The  JAN  1N718A  diode  is  a J.t)  volt  silicon  zener  reference  diode  with  a 
maximum  power  dissipation  of  100mW  at  25°(’  and  a maximum  ambient  temperature 
of  175°C.  114,  p.  154,  line  48|.  Using  these  values  to  calculate  , K,  K’  and 
P: 


J;» 

K 972.2(375) 


175°C-25°C 


375°C/watt 


0.4  watts 


■1.24 


(i.  G25 


K' 

P 


3 


K 


1 . 326 


peak 


& _l/g 

K/Jl  1.326  (1000  x 10  I 11.9  watts  peak  power 

From  Wunsch,  et.al.  [11]  K 1.  1 and  P^.  73.8  watts,  for  the  1N748A,  but 

since  the  value  of  11.9  watts  calculated  above  is  the  more  conservative  value, 
it  siudl  lie  used  in  calculating  the  protection  requirements  for  the  JAN  1N74SA 
diode. 

The  JAN  1N7  19A  diode  is  also  a silicon  reference  diode  with  a reference 

voltage  of  1.3  volts,  maximum  dissipation  of  lOOmW  at  25  and  a maximum 

ambient  temperature  of  175°C.  [14,  p.  155,  line  35|.  Since  these  an  the  same 

values  as  for  the  JAN  1N748A,  the  calculated  values  for  the  JAN  1N749A  are 

« 375°C/watt,  K 0.625,  K'  1.326  and  P 41.9  watts  peak  power, 

ja  P 

The  IN-1118  is  a silicon  highspeed  switching  diode  with  a peak  inverse 
voltage  of  75  volts  and  a maximum  reverse  current  of  25nA  at  2l)  volts,  25°C 
ambient  and  a maximum  temperature  of  200°C  at  the  junction.  The  diode  also  has 
a junction  capacitance  of  4.0  pfd,  and  an  absolute  max.  forward  current  of  200mA 
at  175°  maximum  ambient  temperature.  I sing  the  maximum  forward  current  at 
:i  forward  voltage  of  1.0  volts,  the  maximum  power  dissipation  is  200m\\  at  17. > C 
ambient  maximum. 


Then: 


Q. 

ja 

K 

K' 


175°-25°C 
200  mW 


750°C/watt 


972. 2(750)”^  * 0.265 


0.502 


P = 17.8  watts 

P 

Calculating  K from  the  junction  capacitance  method  gives 

K = C.  (1.  1 x 10_3>  VM  (0,81)  = (4. 0) ( 1 . 1 x 10-3)<75)°'81 
K'  0.808 


0. 145 


P^  9.74  watts  peak  power 

This  lower  value  will  be  used  to  determine  the  protection  necessary. 


The  1N4384  is  a silicon  rectifier  with  the  following  specifications:  (14, 


p.  307,  line  98.  | 

Peak  Inverse  Voltage 
Max.  Surge  Current  (250) 

Max.  Temperature 
Max.  Forward  Voltage  Drop 
Max.  Average  Forward  Current 
Max.  Reverse  Current 


400  volts 

50  Amps  for  1 cycle  of  60  Hz 
175°C  ambient 

1.3  volts  at  1 amp  at  100°C  ambient 

1.0  A at  100°C  ambient 

0.25  mA  at  150°C  ambient,  400  volts 


Then 


The  maximum  power  dissipation  at  100  C is  then  (1.3  volts)(1.0A)  1.3  watts. 
175°C-100°C 


0. 


ja 


1.3  watts 

-1.24 


K 972.2(57.7) 


- 57. 7°C/watt 
6.37 


K’  = 13.51 

P , (13.511(1000  x 10  S 427.2  watts  peak  power 

peak  * ■ 

The  HP5082-2800  (JAN  1N5711)  is  an  epitaxial,  planar  passivated  metal- 
silicon  Schottky  barrier  high-speed  switching  diode  mounted  in  the  integral  de- 
tectors of  both  glide  slo|xi  and  localizer  stations.  It  has  a peak  inverse  voltage 
of  70  volts,  a capacitance  of  2.0  pf,  a max  ambient  temperature  of  200°C,  an 
ib  "lute  maximum  power  dissipation  of  250  mW  at  25°C,  and  a derating  factor  of 
I.  1 imW/’c  alx)ve  25°C.  [15]  The  maximum  peak  power  can  be  calculated  using 
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the  thermal  re>i  nance  w. ^ or  using  the  junction  capacitance,  from  the  thermal 
resistance  method:  mote:  this  is  a planar  device) 


W.  [ [.  (.'! m VV/°C | 1 
J:1 


699.3  C/watt 


or 


20()°-25°C 


ja  250m\V 
K (972.2)(700) 


700°C/watt 
1 24 

0.288 


K’ 

P 


P 


0.612 

19.34  watts 


For  the  junction  capacitance  method: 

K (2.0)(1. 1 x 10_3)(70) 
K’  0.146 
P 4.01  watts. 


(0.81) 


0.0686 


The  lower  ratine,  P 4.61  watts  will  be  chosen  to  determine  the  protection 
requirements. 

The  HP5082-3077  is  a planar-passivaled  silicon  PIN  switching  diode  ;dso 
used  in  .nil  of  the  integral!  detectors  in  both  glide  slope  and  localizer  stations. 

The  ratings  on  this  diode  are:  Breakdown  voltage  - 200  volts,  junction  capacitance 
0.3  pf,  absolute  maximum  power  dissipation  250mW  (T  25°C)  and  absolute 
maximum  operating  temperature,  150°C.  116]  Calculating  P^  using  the  thermal 
resistance  method  gives: 


e 


150O-25°C 


ja  250mW 
K t972.2)(500) 


r»00°C/watt 

1.24 

* 0.438 


K’  0.928 


29.  1 watts 


calculating  P by  the  junction  capacitance  model  gives: 

K (0.3)(1.1  x 10-i)(200)0,81  0.0241 


K’ 

P 


0.0611 
1.62  watts 
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The  lower  rating  of  1.02  watts  will  he  used  to  determine  the  protection 
requirements  for  the  II  P5082-3077  diode. 

Table  3.5-2  shows  the  maximum  peak  power  withstand  levels  for  each  of 
the  devices  in  this  section  and  the  method  used  to  determine  this  value. 


Table  3.5-2 


Withstand  levels  for  Vulnerable  Semiconductor  Devices  in 
Wilcox  l/D  System 


De  vice 

Withstand  Level 
(Peak  Power,  Watts) 

Computation 
Method  Used 

JAN  2N171 1 

24.2 

Wunsch,  ct.al.  Ill] 

JAN  2N5077 

1,350 

Thermal  resistance, 
junction  to  case 

JAN  1N7IsA 

11.0 

Thermal  resistance, 
junction  to  ambient 

JAN  1N749A 

41.9 

Thermal  resistance, 
junction  to  ambient 

INI  118 

9.7 

junction  capacitance 

1N4384 

427.2 

thermal  resistance, 
junction  to  ambient 

HP  5082-2800 
(JAN  1N571I) 

4.6 

junction  capacitance 

HP  5082-3077 

1.6 

junction  capacitance 

In  general,  the  junction  capacitance  method  gives  more  conservative  values 
and  Wunsch,  et.  al.  li  1|  refer  to  this  method  as  the  most  accurate  one  in  pre- 
dicting failure  levels.  However,  the  data  necessary  for  this  calculation  was 
not  available  for  all  devices  listed  above. 

3.3.3  Withstand  Levels  of  Other  Components  in  Wilcox  l/D  ILS  System 

In  addition  to  the  semiconductor  components  in  the  system,  certain  lamps 
and  switches  vital  to  the  operation  of  the  system  arc  also  vulnerable  to  lightning 
induced  surges.  These  are  the  indicator  lamps,  on  both  glide  slope  and  localizer 
stations,  the  Antenna  Tower  Tilt  Switch  (GS)  anti  the  Antenna  Misalignment  Switch 
(Loc. ) 
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The  indicator  lamps  are  28  volt,  0.04  amp,  units  (1.2  watts  max.),  The 
failure  level  of  these  lamps  is  not  known,  but  a conservative  estimate  based  on 
their  poor  ability  U>  conduct  heat  away  by  the  leads,  would  limit  the  maximum 
peak  power  to  a few  watts. 

The  Antenna  Misalignment  Switch  in  the  Localizer  Status  is  a Honeywell  - 
lllStl  microswitch  rated  at  2.8  VDC,  20  Amp  resistive  or  120  VAC,  1 amp  re- 
sistive. Since  the  switch  is  normally  closed,  the  primary  protection  would  be 
to  limit  the  current  through  the  switch  under  pulse  conditions  to  the  1 Amp  level. 

The  Glide  Slope  Station  Antenna  Till  Switch  manufactured  by  Wilcox  lias 
a normal  working  voltage  of  28  VDC  with  a current  capacity  of  /v  1A  f 16 1 . This 
switch  is  normally  open  so  the  primary  protection  would  be  to  prevent  the  voltage 
from  rising  high  enough  to  arc  over  the  switch  ;uid  secondly,  if  the  switch  is 
closed  at  the  moment  of  surge,  to  limit  the  current  to  rJ  1 amp. 

The  electrolytic  capacitors,  3A4-Clf>  and  -C16  in  the  Timing  Assembly 
Card  are  rated  at  10  jul  1',  20WYDC.  To  prevent  the  capacitor  from  failing  under 
surgcconditions,  the  voltage  across  the  capacitors  should  be  prevented  from 
rising  above  the  working  voltage  and  should  lie  prevented  from  reversing  polarity. 

In  Chapter  I,  the  protection  requirements  for  each  of  the  components  dis- 
cussed in  Chapter  3 will  be  determined  taking  into  account  the  maximum  jjeak 
power  determined  here  and  the  other  components  in  the  various  circuits  which  may 
limit  the  voltage  or  current  overload  reaching  a vulnerable  component. 
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CHAPTER  1 

RECOMMENDED  PROTECTION  REQUIREMENTS  FOR  VULNERABLE 
COMPONENTS  AND  INSTALLATION  POINTS 


I.  1 1 -ocnli/er  Station 

The  protection  requirements  will  be  determined  terminal  by  terminal  starting 
with  the  Ix>cali/er  Station  connections  to  Cable  W4  (see  Table  3.4-1).  The  ends  of 
this  cable  are  at  terminal  blocks  1TB1  (shelter)  and  0TB1  (Antenna  Array).  Typical 
installations  are  shown  in  Figures  4.1-1  and  4.1-2.  Through  terminal  1TB1-1, 
the  surge  current  to  3TB1-9  and  thus  to  several  components  is  limited  bv  H7  (4. 7K.fi.) 
to  a peak  current  of  1000/1.7  x 10’’  ~ 0.213  amps.  The  peak  power  that  the  1N43S4 
diode  must  dissipate  for  a 1 000V  surge  is  then  (1.3  volts)  (0.213  amps)  0.2s  watts, 
thus  the  IN  1384  will  withstand  negative  pulses.  When  the  diode  is  reverse  biased 
(positive  induced  pulses),  and  breaks  down  at  its  PIY  of  400  volts,  then  the  maximum 
peak  power  is  (400)(0. 213  amps)  35  watts  which  is  less  than  the  withstand  level 
ol  127  watts  (see  Table  3.  5-2). 


Figure  1.1-1A:  Typical  installation  of  terminal  block 
1TB1  in  the  Localizer  Station 
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(^1  of  the  s and  ‘5  Mainframe  ( I AN  2X3033)  is  also  connects  i to  1TB1-1, 
and  the  current  through  the  collector  to  emitter  i:  limited  by  R7  to  0.21.'}  amps 
maximum  peak  current.  It  Q 1 is  fully  saturated  at  rj  1 . 0 volts,  then  the  maximum 
surge  power  is  rv  0.213  watts,  well  below  the  withstand  level.  The  maximum 
Y is  determined  by  H2  (390  dims)  and  will  be  a maximum  of  Y(,^  ^ ^ 

(0.213)-'  1 mJ)  S-!  volts  which  is  below  the  rating  for  the  2N30r>.1  ol  100  volts  1::]. 

The  V ,,  is  rated  at  7.0  VDC  and  is  limited  in  this  circuit  bv  YK1  to  1.3 
VDC.  Thus  as  long  as  Mil  does  not  fail,  t)l  will  withstand  lightning  induced 
pulses  of  1000  volts  to  terminal  1TB1-1.  \ similar  situation  applies  to  Qg 

(.JAN  2 NO 03 5)  in  that  the  maximum  current,  collector  to  emitter,  is  also  limited 
bv  K7.  The  peak  forward  surge  power  will  then  also  be  a/  0.213  watts,  well 
below  the  withstand  level.  The  is  limited  by  VR2  to  1.3  VDC  and  the  Y^ 
b\  H5  (27  ohms)  to  (0.21  0A)  (27 n.  ) 3.7  volts.  Both  of  these  \ allies  are  well 

below  the  ratings  and  Q2  also  does  not  need  additional  protection  as  long  as  YH2 
does  not  fail. 

The  reference  diodes  VR1  and  VK2  (JAN  1N749A)  also  have  their  max- 
imum current  limited  bv  R7  to  /v  0.21  amps,  and  each  would  need  to  dissipate 
a peak  power  of  (1.3)(0.21)  - 0.9  watts  in  the  regulating  direction.  In  the  for- 
ward direction,  assuming  a maximum  voltage  drop  of  s*  1.0  volt  across  the 
diode,  the  diodes  would  each  have  to  dissipate  /v  0.  21  watts.  Both  of  these  are 
below  the  withstand  levels  of  the  JAN  1N749A,  but  for  absolute  safety,  the  peak 
current  should  be  limited  to  S5MA  [13],  which  means  the  voltage  at  1TB1-1 
should  never  exceed  _ 400  volts. 

The  indicator  lumps  DS-1  through  DS-10  are  also  connected  to  1TB1-1 
through  R7  and  from  there  to  ground  through  a JAN  2N171  I and/or  a ISO  ohm 
resistor.  The  current  is  thus  limited  bv  R7,  the  lamp,  and  the  ISO  ohm  series 
resistor  to  a maximum  of  (1000)/(4700  700  1 ISO)  - 0. 18  amps,  and  the  peak 

power  dissipated  by  each  lamp  is  then  ^23  watts.  However,  if  the  surge  voltage 
at  1TB1-1  is  limited  to  _ 400  volts,  then  each  lamp  is  only  /-v  3.0  watts  which 
would  be  an  acceptable  level  and  would  not  fail  the  lamps. 

As  mentioned  above,  each  lamp,  DS-2  through  DS-10  is  switched  b\  a 
JAN  2 N 1 7 1 1 transistor  as  shown  in  Figure  3.  1-2  of  the  Alarm  Assembly  Card. 

The  current  through  the  lamp  passes  through  the  emitter-collector  circuit  and  is 
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limited  to  0. 18  amp  peak  for  a 1000  volt  surge  pulse.  When  the  -IAN  2N1711  is 
fully  saturated  ( \ ( . ( . /vl.O  volt)  the  max.  peal,  power  dissipated  will  be  /v  0.  18 
watts  which  is  much  less  than  the  peak  power  withstand  level.  If  the  transistor  is 
turned  off,  then  the  peak  voltage  applied  to  the  2N1711  is  through  the  voltage  divider 
created  by  the  Lamp  DS-1,  its  180  ohm  resistor,  and  K7.  For  a 1000  volt  surge, 
this  peak  voltage  would  be  a/  HiO  volts  whereas  the  breakdown  voltage  rating  on 
the  2N1711  is  30  volts.  The  power  dissipated  then  would  be  (30\')(0. 18  A) 

5.  I watts  which  is  less  than  the  withstand  level  of  the  2N1711.  However,  for  absolute 
protection  to  prevent  reverse  breakdown,  if  the  voltage  surges  at  1TB 1-1  are 
limited  to  _ 100  volts,  then  BY^y,  is  never  exceeded.  This  w ill  also  protect  the 
collector  to  base  junction  since  73  volts. 

The  base-emitter  junction  of  3A3-Q1  (JAN  2N1711)  Signal  Processor  As- 
sembly (sec  Figure  3.4-4)  is  also  vulnerable  to  surges  since  the  base  is  connected 
directly  to  cable  \V4.  The  current  through  the  base-emitter  circuit  is  limited  by 
R53  (22  Kohms)  and  1151  (180  ohms)  to  a/  0.045  amps  for  a peak  power  of  a/  l5mW 
when  the  transistor  is  saturated.  In  the  reverse  direction,  BV^,  7 VDC  for  a 
maximum  |>eak  power  of  a/  0.32  watts.  Both  power  levels  are  below  the  withstand 
levels  for  JAN  2N1711  but  for  absolute  protection,  the  terminal  1TB1-1  should 
be  prevented  from  going  negative. 

The  last  vulnerable  component  at  this  terminal  is  diode  3A3-CR4  (J  AN  1N4148) 
on  the  Sign.al  Processor  Assembly  (see  Figure  3.4-4).  However,  the  current 
through  this  diode  is  limited  by  1150  ( 1 00  K-aj  to  a maximum  of  10  mA  in  the 
forward  lirei  tion  (minimum  |x>ak  power  rs  10mW)  which  is  well  below  the  with- 
stand h vel  for  this  diode.  In  the  reverse  direction,  the  maximum  voltage  applied 
would  be  through  the  voltage  divider  of  1150  (100K/1 ) and  R - I (100KI7  ).  Since  t*  < 
peak  inverse  voltage  (IMV)  of  the  INI  148  is  100  volts,  then  limiting  the  peak  voltage 
at  14  B 1 — 1 to  less  than  200  volts  would  keep  the  voltage  at  the  1N1148  below  the  PTV. 

The  Protection  Requirements  at  1TB1-1  for  the  worse  case  are  to  limit 
the  voltage  to  !!)0  volts  and  -7  volts.  A unipolar  avalanche  diode,  with  a break- 
down voltage  of  /v  loo  volts  such  as  the  Icadless  transient  suppressor  OZ  11115P 
listed  in  Appendix  C,  would  be  adequate  protection.  However,  since  the  maximum 
peak  pulse  current  through  this  diode  is  5.2  amps,  a series  resistance  of  r*  100  -A- 
must  be  installed  in  the  line  to  limit  the  current  as  explained  in  Section  2.3  of 
this  report.  It  is  felt  that  this  value  of  resistance  would  interfere  with  the  normal 
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fund  inning  of  the  line  and  a lower  value  of  series  resistance  is  necessary  . Ac- 
cordingly installing  a GZ  11111/  diode  yvilli  breakdoyvn  voltage  of  rv  r>.r>  volts  and 
maximum  peals  current  of  IS. r.  amps  requires  only  a 11  Jv  , 2 yvntt  resistor 
for  current  limiting.  This  diode  resistor  combination  y\ i 1 1 furnish  more  than 
adequate  protection  and  will  not  interfere  yvith  normal  operations  of  the  line  con- 
nected to  terminal  1TB1-1.  This  diode  and  resistor  combination  and  point  of 
installation  are  shoyvn  in  Table  4-1. 

The  connection  of  Cable  W 1 to  1TB1-3  alloyvs  surge  pulses  to  reach  tran- 
sistors JAl-RU  (2X171 1 > on  the  Timing  Assembly  Card  (see  Figure  3.4-5).  Col- 
lector-emitter current  is  limited  by  R2s  (IK -A-  ) to  a peak  of  1.0  amp  for  a surge 
pulse  of  1000  volts  peak,  provided  CIO  does  not  fail  (20  WYDC).  The  peak  power 
in  the  forward  direction  is  then  /v  1.0  yvatt  and  ns  30  yvatts  in  the  reverse  direction 
iBY  . 30  YDC).  This  latter  value  is  above  the  yvithstand  level  of  2 1 watts  for 

the  2X171 1 and  this  terminal  1TB 1-3  should  be  protected  to  limit  the  peak  voltage 
to  < 500  volts  peak.  However,  if  C16  fails  by  shorting,  then  nothing  limits  the 
current  flnyy  through  3A1-Q1,  and  the  voltage  across  R28  should  be  prevented 
from  exceeding  more  than  tyvioe  the  working  voltage  of  the  capacitor.  This  can 
be  done  by  limiting  the  surge  voltage  to  _ 10  volts  peak  by  a bipolar  avalanche 
diode  at  1TB 1-3.  In  addition  C15  (10 fd,  20  WYDC)  yy  ill  l>e  protected  by  this 
diode  as  will  be  <,>1  and  (}2  (.JAN  2N3055),  and  YR2  (,JAN  1N749A)  in  the  +8  volt 
supply  on  the  monitor  mainframe,  and  C 12  (20  W\DCi,  Cll  (20  \V\'I)C)  and  3A(i- 
YR1  (JAN  1N748A)  in  the  -4  volt  power  supply  regulator  circuit  on  the  Alarm 
Assembly  Card.  The  avalanche  diode  to  protect  1TB  1-3  is  the  bipolar  GZ  111  lull 
which  has  a breakdown  voltage  of  /u  35  volts  and  a maximum  peak  current  of  2S 
amps.  This  requires  a series  resistance  of  33  ohms.  Further  the  GZ  11 11011 
has  a capacitance  of  n/  2.  1 nfd  which  should  not  disturb  the  operations  of  the  line 
connected  to  1TB 1-3,  nor  should  the  33  ohm  series  resistor  (see  Table  4-1).  An 
additional  bipolar  diode  is  installed  at  terminal  1TB1-4  which  is  the  return  line 
for  the  Zero  Reference  I’ulse.  This  line  is  left  floating  at  the  terminal  but  grounded 
internally.  A GZ  11115Q  bipolar  protector  yvith  the  lowest  breakdown  voltage 
available  ( /v  7 volts)  and  a maximum  peak  pulse  current  of  139  amps  is  installed 
along  with  a series  resistance  of  10  ohms  to  prevent  surge  voltages  from  reaching 
the  interior  of  the  localizer  monitor  circuits  while  not  interferring  yvith  the  oper- 
ation of  the  equipment.  An  additional  10  ohm  resistor  is  used  to  trigger  the  diode 
(see  T able  1-1 ). 
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Terminal  1TB I -5  loads  to  Course  Channel  Signal  Processor  components 
3A1-F1A  (MC  ir> 5 8 GH2),  and3Al-VR1  (1N748A),  (see  Figure  .1.4-1).  The 
withstand  level  of  the  MC  1558  GH2  integrated  circuit  could  not  be  determined  but 
tin-  maximum  input  differential  voltage  should  not  exceed  the  maximum  supply 
voltage  s volts  DC.  The  voltage  regulator  diode  3A1-VR1  is  adequately  protected 
from  current  surges  b\  R2  (39K -A.  ).  The  peak  voltage  at  terminal  1TB 1-5  should 
then  be  limited  bv  a protective  diode  but  the  capacitance  of  the  diode  and  the  value 
of  the  series  resistor  should  not  interfere  with  the  normal  operation  of  the  line. 

The  lowest  capacitance  available  is  for  the  OZ  (>().'>  1015  diode  which  has  a breakdown 
voltage  of  /v  t>.  8 volts,  a maximum  peak  current  of  70  amps  and  a capacitance 
at  0 volts  of  250  pF.  A series  current  limiting  resistor  is  required  to  protect 
the  diode.  The  same  diode  is  installed  in  the  ground  returns  (terminal  1TB 1-0 1 
with  an  additional  15  ohm  series  resistor  to  protect  the  internal  grounding  of  the 
monitor  mainframe  (see  Table  1-1).  The  identical  situation  occurs  with  terminals 
1TB1-7  and  -s  (Width  Detected  Signal  In  and  Ground  Return)  as  with  terminals 
Tl  Bl-5  and  -n  above,  and  the  same  protection  requirements  are  listed  in  Table  1-1 

Terminal  1TB1-10  leads  to  the  Antenna  Cable  Fault  Zero  Reference  500  11/ 
sine  wave  generators  which  includes  3A8-F3B  (MC1558GH2)  and  3AS-C2  (CD  10  10 
AD3).  As  mentioned  above,  the  voltage  level  to  the  MC1558GH2  should  be  limited 
to  _ 22  volts,  but  should  be  limited  to  20  volts  for  the  CD401GAD3.  The  recom- 
mended pro'ective  diode  is  a GZ  11  1 16A  (Bipolar)  with  a series  resistor  of  20  ohms 
The  connection  to  terminal  1TB1-1 1,  the  return  for  the  zero  reference,  is  also 
protected  as  mentioned  above. 

Three  pairs  of  terminals,  1TB1-13  and  14,  -15  and  16,  and  -17  and  18 
have  protection  requirements  similar  to  terminals  1TB 1-5  and  6,  and  -7  and  8. 
However,  it  is  felt  that  the  capacitance  effects  are  not  as  critical  on  these  three 
pairs  because  of  the  higher  signal  levels,  anl  standard  bipolar  diodes  are  recom- 
mended for  these  lines  (see  Table  1-1).  Protection  on  terminals  1 TH  1 — 17  and  18 
need  only  be  installed  if  the  cable  is  connected  to  these  terminals,  Ibis  completes 
the  protection  requirements  for  components  connected  to  Cable  Wt  in  the  Localizer 
Station  at  the  Shelter  end  of  the  cable.  The  recommended  protector  diodes,  series 
resistors  and  installation  points  are  shown  in  Table  4-1.  The  other  end  of  Cable 
W4  terminates  at  t he*  Antenna  Array  and  the  protection  requirements  for  component 
in  the  Antenna  Array  will  be  discussed  in  this  next  section. 


The  other  end  of  Cable  W1  terminates  at  terminal  block  GTB1.  Terminals 
6TB 1 - 1 and  2 connect  to  the  Antenna  Misalignment  Switch.  Protection  of  this 
switch  requires  limiting  the  current  to  1 amp.  This  can  be  done  by  the  combin- 
ation of  a G/  11111/  diode  w ith  a breakdown  voltage  of  <■*'  55  volts,  a series  50 
ohm  resistor  to  limit  the  current  to  the  switch  and  a 5(1  ohm  resistor  to  limit 
the  current  through  the  diode,  (see  Table  1-2). 

Terminals  GTB1-3  and  1 connect  to  the  Course  and  Width  Integral  detectors 
which  requires  that  diodes  CHI  and  CH2  (IIP  5082-3077)  be  protected  (see  Figure 
3.  1-7).  The  current  through  CHI,  by  wav  of  terminals  B and  <’  of  the  integral 
detector  , is  limited  by  H5  (2.2  K ohm),  to  45  mA  peak  and  the  current  through 
CH2  is  limited  by  HO  (150  ohm)  to  0.7  amps  peak  for  a 1000  volt  peak  surge.  In 
the  forward  direction,  < a,  1.0  volts  across  each  diode),  CHI  would  have  to  dis- 
sipate 0.  15  watts  peak  and  CH2,  0.7  watts.  This  exceeds  the  rating  for  CH2 
d.O  watt s i and  the  voltage  surge  at  GTB1-3  must  be  limited  to  -15  volts.  In  the 
reverse  direction,  the  peak  power  dissipated  i>M’H2  (BY  200  volts),  would  be 
1 1 1 000—200 t / 1 50] 200  1,000  watts.  However,  if  the  voltage  at  6TB 1-3  is  held 

to  less  than  »200  volts,  CH2  will  not  break  down.  The  protection  requirement, 
can  be  satisfied  by  a bipolar  diode  with  breakdown  voltage  of  _ l->  volts  (C>Z  1 1 1 155  ), 
which  requires  a 15  ohm  current  limiting  resistor  (see  Table  1-2).  The  reference 
pulse  return  line  (GTBl-4i  is  protected  in  the  same  manner  as  mentioned  pre- 
vi  ou  sly. 

Terminals  0TB1-5  and  GTB1-7  connect  to  the  output  of  the  Course  and  the 
Width  Integral  Detectors  respectively.  In  each  case  the  vulnerable  component 
is  CHS  (IIP  5082-2800)  through  terminal  I)  of  the  detector.  The  low  pass  filter 
combination  of  C5-L3-CG  provides  no  protection  from  lightning  pulses  of  the 
10  x 1000  shape  for  CH3  and  thus  a series  resistor  must  be  included  in  the  pro- 
tective circuit  to  limit  the  current  through  the  diode  without  disturbing  the  operation 
of  the  circuit.  Since  the  withstand  level  of  the  IIP  5082-2800  is  4.0  watts  and  the 
forward  voltage  is  a/  I /volt,  the  current  should  be  limited  to  /v  t.o  amps. 

Further,  the  reverse  voltage  applied  to  the  diode  should  be  less  than  70  volts  to 
prevent  breakdown.  A complication  with  these  leads  is  that  the  circuit  is  sensitive 
to  additional  capacitance  as  well  as  to  additional  resistance  on  the  lines.  The 
method  employed  at  the  other  end  of  these  lines  will  be  employed  here,  namely 
low  capacitance  protective  diodes,  f!Z  00310B,  with  an  additional  series  resistance 
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and  -8  art*  returns  for  terminals  -5  ami  -7  and  are  prolertcrl  in  the  same  manner. 

Terminals  GTB1-10  and  11  lead  to  the  ('aide  I ault  Integral  Detectors  1:5, 

I t and  fa  in  the  same  manner  as  (5TB1-3  and  -1.  The  protection  recommended 
is  the  same  as  for  GTB1-3  and  -I,  Protection  requirements  for  terminals  r.TBl-1 , 
-15  and  -17  are  the  same  as  for  GTB1-5  and  -7  but  the  lines  to  -15,  15  and  -17 
arc  not  as  sensitive  to  additional  capacitance  as  for  -5  and  -7  and  standard  diodes 
are  recommended.  The  same  protection  is  installed  in  the  return  lines,  termina’ 
GTB1-11,  -Hi,  and  -18,  for  reasons  given  earlier.  This  completes  the  protectim 
requirements  for  cable  V\  t at  the  Antenna  Array  Termination.  The  recommended 
protection  is  listed  in  Table  1-2.  This  also  completes  the  recommended  protection 
for  the  localizer  Station. 

1.2  Glide  Slope  Statii m 

Cables  W's  a nr  I Wfl  connect  through  terminal  block  13TB1  to  the  Clide  Slope 
Monitor.  A typical  installation  of  13TT1 1 is  shown  in  Figures  1 . 12  — 1 A and  B. 

The  connection  to  terminal  13TB1-1  is  almost  identical  to  the  connection  to  termin: 
1TB1-1  in  the  localizer  Station.  The  exception  is  that  since  the  Towei  Tilt  Switch 
is  normallv  open,  terminal  3TB1-10  is  not  wired  to  3TB 1-1)  on  the  C.S.  Monitor 
as  it  is  in  tlic  localizer  Monitor  (see  Table  .'5. 1-3).  However,  it  the  surge  is 
sufficient  to  arc  over  the  switch  or  if  the  sw  itch  is  closed  at  the  time  of  the  lightnin 
strike,  then  the  same  components  :u’e  vulnerable  as  for  the  I ocalizei  Monitor. 

■ this  reason,  the  same  protective  devices  are  recommended  f<  * both  

13TB 1- 1 and  13TB1-2,  i see  Table  t-3). 

The  connection  <>|  Cable  \V9  to  terminal  13TB1— 3 lends  to  the  same  vulnerable 
components  in  the  Glide  Slope  Monitor  as  the  connection  to  terminal  1TB1-3  on  th' 
Localizer  Monitor.  Since  the  circuits  are  identical,  the  recommended  protection 
is  identical  (see  Table  1-3).  However,  the  connection  from  terminal  3 to  Path 
Integra]  Detector  I 1 and  Width  Integral  Detector  1 2 should  be  made  from  the 
protected  side  of  K1  and  not  connected  directly  to  Cable  VVt).  Terminal  13  FBI  1 
is  Hie  return  for  13TB1-3  and  is  also  protected  as  previously  explained. 

The  connection  of  Cable  \V8  to  13TB 1-1)  leads  to  the  same  vulnerable  com- 
ponents as  did  the  connection  to  terminal  Id'll  I -5  In  the  localizer  Station.  I lu 
protection  recommended  i:  the  same,  including  the  ground  return  terminal. 
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13TR1-10.  Here  again  the  circuits  arc  sensitive  to  additional  capacitance  and 
resistance,  so  the  recommended  protectors  are  the  special  low  capacitance  diodes 
isee  Table  1-3).  This  completes  the  recommended  protection  for  the  Glide  Slope 
Station  circuits  located  in  the  shelter.  The  remaining  vulnerable  circuits  are 
in  the  Monitor  Detector/Antenna  and  the  Tower  Tilt  Switch. 

The  other  end  of  Cable  W8  connects  to  the  Monitor  Detector /Antenna  unit 
which  is  a modified  Integral  Detector.  The  vulnerable  components  are  the  same 
as  for  Integral  Detectors  in  the  Localizer  Station  Antenna  Array.  Terminals 
C,  B,  D,  and  A in  the  plug-jack  W8P1-9J1  of  the  Glide  Slope  unit  correspond 
directly  to  terminals  3,  4,  5,  and  6 in  terminal  block  6TB 1 of  the  Localizer  Unit. 

The  recommended  protection  is  the  same  as  for  the  Localizer  unit  but  the  protective 
devices  for  the  Monitor  Detector/Antenna  Unit  listed  in  Table  4-4  must  be  installed 
in  a separate  terminal  block  inside  a junction  box  added  between  Cable  W8  and  the 
plug-jack  connector  W8P1-9J1. 

The  last  vulnerable  component  in  the  Glide  Slope  Station  is  the  Antenna  Tower 
Tilt  Switch,  Unit  15.  This  is  a pendulum  type,  normally  open,  whose  current 
rating  is  a/  1 amp  when  closed.  The  protective  circuit  resistance  should  be  kept 
below  an  additional  200  ohms.  [16],  The  recommended  protection  on  the  line 
which  is  normally  at  +28  volts  (terminal  A in  W9PI-15J1)  is  to  limit  the  voltage 
to  ‘55  volts,  -0  volts  and  the  current  through  the  switch,  when  closed,  to  1 amp. 
Since  the  switch  is  normally  open,  a protective  diode  is  added  in  the  return  line 
as  previously  mentioned  (sec  Table  4-5).  Insbdlation  of  the  recommended  protective 
devices  will  require  a seperatc  terminal  block  in  a junction  box  added  between 
Cable  W9  and  the  plug-jack  connector  W9P1-15J1  at  the  Antenna  Tower  Tilt  Switch, 

Unit  15. 

4.3  Installation 

The  recommended  devices  for  the  protection  of  the  Wilcox  l/D  ILS  Localizer 
and  Glide  Slo|>c  Stations  utilizing  the  leadless  transient  suppressor  diodes  is  given 
in  Tables  4-1  through  Table  1-5.  A terminal  block  designed  to  accept  the  leadless 
transient  suppressor  diodes  of  Appendix  C is  available  and  is  shown  in  Figure  4.3—1 
( 1 7 1 . These  blocks  are  available  in  units  to  hold  up  to  10  diodes.  A typical  installation 
is  shown  in  Figure  4.3-2  with  two  series  resistors  installed.  When  installing  the 
protective  diode  circuits,  a separate,  direct,  ground  connection  should  be  provided 
to  at  each  terminal  block  to  insure  proper  operation  of  the  protective  circuits. 
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Figure  1.3-1  I-ightning  Protection  Module,  Plan  View 

Idle  pl:m  view  gives  critical  clearance  and  mounting  dimensions.  Hie  5 terminal 
unit  is  designated  FA  9455A.  The  10  terminal  is  designated  FA  9455B.  Figure 
4,3-2  is  a full  scale  photograph  of  the  FA  !)455A  showing  diode  insertion  and 
resistor  mounting  for  the  most  common  arrangements. 
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r Dr,  John  Nordgard 
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APPENDIX  C 

LEADLESS  TRANSIENT  SUPPRESSORS  - 
ELECTRICAL  CHARACTERISTICS 


Passes  Cl  through  3 tubulate  the  electrical  characteristics  anti  FAA  part 
numbers  for  the  transient  suppressors  specified  in  this  handbook.  The  JEDEC 
equivalents  are  not  mechanically  interchangeable  and  are  included  for  reference 
purposes.  Also  included  is  a listing  of  commercial  equivalent  units  also  manu- 
factured bv  General  Semiconductor  Industries,  Inc.  Use  of  the  data  sheet  is 
with  permission  of  the  copyright  owner. 
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ilrawinn. 

•ctrically  but  mec  hanically . 
ri  i>lics  apply  in  Imth  directions. 


SUPPRESSORS 

1.5KC6.8 

THRU 

1 5KC110A 


DESCRIPTION 

This  leadless  TransZort)  is  designed  for  direct  retro  fit  (x  replacement  of  a gas  discharge  suppressor 
when  lower  voltages  are  needed  to  protect  voltage  sensitive  circuitry.  For  Bipolar  applications,  see 
notes  on  the  reverse  side. 

The  TransZorb  has  a peak  pulse  power  rating  of  1500  watts  for  1 millisecond  and  therefore  can  be 
used  in  applications  where  induced  lightning  on  rural  or  remote  transmission  lines  present  a hazard  to 
the  electronic  circuit! y (Reference  R. E. A.  Specification  P.E.  60).  The  response  time  of  TransZorb 
clamping  action  is  effectively  instantaneous  (better  than  1 x 10  12  sec  );  therefore,  they  can  protect 
Integrated  Circuits,  MOS  devices,  Hybrids  and  other  voltage  sensitive  semiconductors  and  compo 
nents  TransZorbs  can  also  be  used  in  series  or  parallel  to  increase  the  peak  power  ratings 

TransZorbs  have  proven  to  be  effective  in  Airborne  Avionics  and  Controls,  Mobil  Communication 
Equipment,  Computer  Power  Supplies,  Numerically  Controlled  Machinery,  and  in  many  other  ap 
plications  where  inductive  and  switching  transients  are  present. 


• 1 500  watts  peak  power  dissipation 

• Available  in  ranges  from  6.8V  to  110V. 

e 

MAXIMUM  RATINGS 

• 1500  Watts  of  Peak  Pulse  Power  dissipation  at  25  C 

• t , (0  volts  to  BV  mm)  Less  than  1x10  1?  seconds 

• Operating  and  Storage  Temperatures  65  to  +175  C 

• F orward  surge  rating  200  amps.  1/120  second  at  25  C 

• Steady  State  power  dissipation  1.0  W 

• Repetition  rate  (duty  cycle)  01% 

MECHANICAL  CHARACTERISTICS 

• Ceramic  Case  with  Metal  Caps 

• Weight  1 25  grams  (approximate) 

• Polarity  marked  with  polarity  symbol 

• Body  marked  with  Logo  and  type  number 

ELECTRICAL  CHARACTERISTICS 

• Clamping  Ratio  1 33  @ Full  rated  power 

1 1 5 @ 50%  rated  power 

( *>•' . W 'i1'  ill  •*>*  »r1uii  V<  i >«ni(»i»f  V<i>i«9»i 

It!  nm  Ktu*  0 V ft«Mkdo«n  M • *)•('••(  (font* 

V»  3 Ittl  pultf  <•«.*  th»pt 


tn  Puls*  Time  set 

FIGURE  1 Ptah  Pulse  Power  vs  Polso  Time 


ABBREVIATIONS  & SYMBOLS 


FIGURE  2 

Typical  Capacitance  vs  Breakdown  Voltaft 


Vr  Stand  0ft  Voltage  Applied  Reverse 
Voltage  to  assure  a nonconductive  con 
difion  (See Motel) 

BV(mm)  Tims  is  the  minimum  Breakdown 
Voltage  the  device  Mull  eihibit  and 
is  used  to  assure  that  conduction  does 
not  occur  pnor  to  this  voltage  level 
at  C 

VQima*)  Manmum  Clamping  Voltage  The 
rnanmum  peak  voltage  appearing  across 
the  Trant/orb  when  subjected  to  the 
peak  pulse  current  m a one  millisecond 
time  interval  The  peak  pulse  voltages 
are  the  combination  o!  vi  llage  use  due 
to  both  the  series  resistance  and  ther 
mal  rise 

Ipe  Peak  Pulse  Current  See  Figure  3 
Peak  Pulse  Power 
In  Reverse  laekaqe 
Mote  1 

A T rans/orb  is  normally  wlec  led  according  to 
the  reverse  Stand  Off  Voltage  ' (V*)  wh*h 
should  be  equal  to  or  greater  than  the  0C  or 
continuous  peak  operating  voltage  level 
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Tran%/orb,w  it  a registered  trademark  of  General  Semu  ondut  tor  industries  Inc 
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ELECTRICAL  CHARACTERISTICS  at  25  C 
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FIGURE  4 — Derating  Curve 

Non  standard  voltage  types  between  those 
tabulated  may  be  specified  as  illustrated 

Family  Type  Nominal  BV  Tolerance  Suffix 


1.5KC  7 2 A 

BV  Will  be  Nom.nal  BV  ~5%  for  A 
suffix  types  and  *10°o  for  non-suffix 
types  at  the  test  current  of  the  next 
lower  standard  voltage  type 

VK  Will  be  85%  of  Nominal  BV  for  A 
suffix  type  and  81%  of  Nominal  BV 
for  non-suffix  types 

V,  Will  be  proportionally  interpolated 

between  the  two  neighboring  stand 
ard  types 

l„  Will  be  that  of  the  next  lower  stand 
ard  type 

I,.,.  Will  be  proportionately  interpolated 
between  the  two  neighboring  standard 
types 


BIPOLAR  APPLICATIONS 

For  Bipolar  use  C or  CA  Suffix  for  types 
1.5KC7.5  through  types  1.5KC110 
Electrical  characteristics  apply  in 
both  directions. 
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